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For years now the estimates of the consequences of overfishing for marine 
ecosystems have differed greatly within the scientific community1. The use of 
commercial catch statistics to estimate tendencies has been much criticised2, but 
alternative information sources with long time series are rare. Here we employ the 
historic archive (1953-2007) of the recreational spearfishery in Galicia (NW 
Spain), which does not have the problems common to other fishery registers, to 
estimate long-term changes in coastal ecosystems. Using generalized additive 
regression models (GAM) we estimated decreases of around 83% in the 
abundances of coastal fish over the last 50 years. In the same period the average 
body size decreased by 36%. In addition, the relative catch frequency has 
decreased for the most valuable commercial species. Commercial overfishing has 
brought these ecosystems so close to the brink of collapse that it is necessary to 
implement measures that ensure their recovery. 
Fishing pressure has increased dramatically in recent years3. Fishing effort is 
directed down4 and through marine food webs5, as new fisheries are developed and 
traditional ones continue to be exploited. Despite this, catches worldwide remain stable 
in the current context of constantly increasing fishing efficiency6. 
According to some authors, the current overexploitation of the world’s fishing 
grounds could lead to a general collapse of the fishery resources7. Numerous studies 
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confirm the losses in specific diversity8, declines in population abundances2, decreases 
in the size of commercial species2, and extintions9. Despite this evidence the measures 
of the impact of overfishing continue to vary greatly. 
We analysed the long-term tendencies in the abundances, body sizes and relative 
frequencies of the coastal fish populations of a region of the northeast Atlantic. We used 
the historical archive of the Federación Galega de Actividades Subacuáticas (Galician 
Federation of Underwater Activities, FEGAS), which includes records of the entire 864 
spearfishing championships held in Galicia between 1953 and 2007 (Fig. 1). 
The Galician recreational fishery is very selective in its target species, which 
include some of the current top predators of the coastal ecosystem. It is well known that 
fishing technologies and methods have changed greatly over the study period. In the 
initial stages of the fishery (before 1970) the use of protective wetsuits was not 
widespread, and the spearguns employed were less efficient than those used nowadays. 
Furthermore, since the end of the 20th century spearfishing has become professionalized 
through sponsorship, and divers generally use techniques such as scouting, which 
consists in locating sedentary fish in the days before the championships10. 
The time series available in the archive is extensive, uninterrupted and includes 
the 1970s, the period with the highest increase in commercial fishing effort6. The 
information is extremely reliable because as the divers are competing they are very 
interested in their catches being registered. In addition, the effort was carried out 
constantly at the same sites and on the same species. However, due to the improvements 
in fishing technologies and methods we can expect that the diver efficiency has 
increased over time. 
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The estimates obtained allowed us to quantify precisely the changes in the coastal 
fish community over the last 50 years. There are few scientific studies focussed on 
coastal communities, even though these have traditionally been exploited by the 
artisanal fishery, and throughout history humans have overexploited more than 90% of 
their most relevant species11. 
In the 54 years studied, the divers caught 69,068 fish belonging to 24 species (15 
families). The average catch per diver and championship was 5.23±6.93 (SD) fish (the 
average duration of the championship was 4.73±1.37 h), and the weight of the largest 
body size fish (LBSF from here on) caught per diver and championship was 1.87±0.75 
kg. The average weight of the sea bass Dicentrarchus labrax, 3.10±1.43 kg, was the 
highest from among the most frequent species caught. The ballan wrasse Labrus 
bergylta was the species caught most in this fishery (75.2%) (Supplementary Table 1), 
and its relative catch frequency remained high over the entire time series 
(Supplementary Fig. 1). 
 The temporal tendencies estimated for catch size (see the fitted models in Table 
1) are generally negative in all the zones of the study area (see model outputs in 
Supplementary Tables 3-6). In the Ártabro Gulf, the zone with the longest time series, it 
was estimated that each diver caught 17.5±7.5 fish per championship in 1953 and only 
3.1±0.3 in 2007. The differences between the catches obtained at the beginning and the 
end of the series studied varied between 41.7% in Cantabrico and 82.5% in the Ártabro 
Gulf (Fig. 2). Comparing the percentages of change with respect to the previous decade, 
an increase was only observed in the case of Ártabro Gulf (43.1%) in the 1970s. 
However, the decreases observed for this zone oscillated between 53.1% in the 1980s 
and 19.1% in the 1960s. The most negative declines in the rest of the zones occurred in 
the last decade of the time series (Table 2). 
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Continuous reductions in body size were estimated in all zones, except in the 
Costa da Morte. The average weight of the LBSF caught per championship in the 
Ártabro Gulf fell from 4.3±0.4 kg in 1953 to 2.8±0.1 kg in 2007 (a 35.9% reduction). In 
the rest of the zones the decreases in size varied between 13.8% in Vigo and 39.5% in 
Arousa (Fig. 2). 1980s was the decade with the largest decreases, with 13.9% in Ártabro 
Gulf and 13.6% in Cantabrico. However, Vigo and Arousa showed their largest 
decreases in the1990s, with 5.2% and 13.0% respectively (Table 2). 
From among the fitted models for LBSF weight per championship for each of the 
most frequent species, only the ballan wrasse model showed a significant effect over 
time. In 1955 the average weight of the ballan wrasse in the Ártabro Gulf was 2.6±0.3 
kg, and in 2007 it was 2.2±0.1 kg, a reduction of 12.4%. The decrease from the 
beginning to the end of the time series in the rest of the zones ranged between 2.9% in 
Vigo and 26.3% in Cantabrico (Fig. 2). Body size underwent the largest decreases in the 
last decade of the time series, which varied between decreases of 9.25% in Cantabrico 
and 17.34% in Vigo (Table 2).  
Most of the LBSF caught in the championships were ballan wrasses, sea basses or 
mullets Mugilidae spp. The catch probabilities of these species have changed 
significantly over time. The catch probabilities of the white seabream Diplodus spp. and 
the grey triggerfish Balistes capriscus, however, were never over 0.07±0.03 in any year, 
and did not vary significantly over time. Before 1970, the catch probabilities of ballan 
wrasses and sea basses were similar, between 0.34±0.11 and 0.39±0.12 for the former 
and 0.24±0.15 and 0.38±0.08 for the latter. However, catches of ballan wrasses then 
increased until they reached their historic maximum (0.83±0.03) in the first years of the 
1990s. As the frequency of ballan wrasses increased, the catch probability for sea basses 
gradually decreased; until in 1993 it reached its lowest value, 0.16±0.02 (Fig. 2). 
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The LBSF catches per diver and championship showed more dramatic changes 
over time in the ballan wrasse and sea bass catch frequencies than did the LBSF catches 
per championship. The white seabream remained the second most caught species over 
most of the time series, reaching its maximum probability (0.36±0.02) in 1977 (Fig. 2). 
There is currently intense debate over the degree to which marine ecosystems 
have altered; it is even questioned whether there is in fact a general decrease in the 
abundances of fishery stocks1. Part of the polemic is due to the abundance estimates 
being based on data from commercial fishery registers2. The information from 
spearfishing championships used here does not share the same above-mentioned limits 
and allows the changes over time in the coastal fish populations to be analysed with a 
high degree of certainty. 
In 2007 Hilborn criticised as exaggerated the estimates of a group of authors he 
defined as ecologists, and at the same time stated that the estimates of certain fisheries 
scientists were more realistic. The first group estimated average declines of 84% and the 
second of 57% (Supplementary Table 7). We estimate that the abundance of the coastal 
fish population of the northeast Iberian Peninsula has decreased by 83% in the last 54 
years (Supplementary Table 7). 
In a recent article, authors of the two groups revised together the long-term 
decreases in the abundances of certain marine animal groups12. The maximum decline 
estimated by the authors was 56% in the biomass of large demersal fish. However, they 
found that the abundances of medium and small demersal fish only decreased by 8% 
and 1% respectively. Our estimates for the same period show larger decreases in 
abundances. In fact, if we take into account the decreases in fish body sizes found in 
numerous studies, it would be expected that the largest reductions would be in the 
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biomass and not in the number of fish caught. In our case we estimated a reduction in 
the overall body size of 36% over the last 54 years (Supplementary Table 7). 
Part of the decrease in body size found here could be explained by the evolution 
over time of the catch frequencies of the ballan wrasse and sea bass. However, the 
ballan wrasse has also decreased in size by 13%, which is a very large reduction for a 
mesopredator of its size (4.5 kg as a maximum; Supplementary Table 1). There have 
been notable decreases in the frequencies of the sea bass and white seabream, species 
which are much appreciated by the commercial and recreational fisheries in Galicia and 
which maintain high commercial values. It seems evident that the large fishing effort 
exerted on the most economically valuable species has reduced their abundances (Fig. 
2). 
The short-term effect of the championships on the fish populations could be 
locally relevant, given that less fish are caught after 10.5 h of fishing, and in 7.5 h the 
divers have caught the LBSF (Supplementary Fig. 3). Although, unlike what has been 
found for the Mediterranean13, the overall effect of recreational spearfishing in Galicia 
is in reality not very large. The total catches of competitive spearfishing, 94.68 t in 54 
years (FEGAS database, data not published), represents only 4% of the annual landings 
of the commercial fleets for the same species14. It has been estimated that non-
competitive spearfishing catches less than 9% of the annual landings of the species 
common to both fisheries (P.P., data not published). Consequently, the reductions 
observed in the abundances and body sizes and the changes in the frequencies of the 
coastal fish populations are mainly a result of commercial overfishing.  
The declines in the abundances and body size of the fish populations estimated in 
this work represent a scenario of severe overexploitation of these coastal ecosystems, 
very close to the normal definition of collapse8. Moreover, the improvements in 
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spearfishing techniques and materials made mainly until 1970 and then from 2000 on, 
could have hidden temporal tendencies that are even more negative than those estimated 
here15. It is also significant that the overexploitation of these ecosystems is evidenced in 
species that are not the preferred targets of professional fisheries14. It is to be expected 
therefore that the species that have been more exploited historically, show the largest 
changes in their abundances and body sizes. 
During the last 50 years the coastal ecosystems of Galicia have changed so 
dramatically that in our opinion not only the sustainability of the coastal fisheries has 
been placed in danger, but also the survival of the rest of the species and services. The 
decreases in the abundances and body sizes estimated here allow references to be 
established for the rebuilding16 of these ecosystems, avoiding the shifting baseline 
syndrome17. 
Methods summary 
The study area, which consists of the entire Galician coast (1,295 km), was 
divided into 5 ecoregions that we call zones. 864 championships were held in 267 
locations between 1953 and 2007. Although the depth may occasionally be over 50 m, 
the divers do not fish below 30 m. In the championships, the divers use free diving with 
spearguns to catch the maximum number of fish with the highest total weight. The diver 
that catches the LBSF also wins a prize. The results of all the championships held 
between 1954 and 2007 are included in 3 databases. The CDC database contains the 
number of fish caught per diver and championship (N= 13,427), the LDC database 
(N=6,808) contains the weight of the LBSF caught per diver and championship 
identified to species level, and the LC database (N=848) contains the weight and species 
of the LBSF caught per championship. We employed GAM to analyse the tendencies 
over time in each zone of the number of fish caught, the overall body size, and the body 
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size of the most frequent species2 (frequencies >0.25%; Supplementary Table 1). In 
addition, we analysed the tendencies over time in the relative catch probabilities of the 
most frequent species. The models were fitted, selected and validated with the statistical 
package R18 (version 2.9.2). The predict tool was used to obtain inferences from the 
definitive model. For these estimates, the average value of the quantitative variables and 
the most frequent levels of the qualitative variables were used in each case. The 
differences over time were calculated by means of the percentage of change between 
annual predictions or between the average of the annual estimates between periods. 
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Table 1. Summary of parameters and diagnostics of the models. 
Response Covariates 
Error 
distribution 
Link Database N 
AIC Deviance df 
AUC
WO W WO W WO W 
Catch 
number†§ 
Year, hours, 
fishers, 
scope, 
discipline, 
zone 
Poisson Log CDC 13,427 104,740 103,137 23.0 24.8 35.5 70.2 -
Catch 
number§ 
Year, hours, 
fishers, 
scope, 
discipline, 
zone 
QuasipoissonLog CDC 13,427 104,751 103,179 23.0 24.8 34.0 64.7 -
Catch 
number‡ 
Year, hours, 
fishers, 
scope, 
discipline, 
zone 
Negative 
binomial 
Log CDC 13,427 68,499 68,395 16.3 17.2 32.2 59.1 -
Body size§ 
Year, hours, 
fishers, 
zone 
Gaussian Identity LC 848 153,355 153,268 8.9 10.1 29.5 48.4 -
Body size‡ 
Year, hours, 
fishers, 
zone 
Gamma Log LC 848 150,359 150,295 9.1 10.0 29.9 48.8 -
B. size of 
ballan 
wrasse‡ 
Year, hours, 
fishers, 
scope, zone 
Gaussian Identity LC 597 9,096 9,095 38.9 40.4 15.5 22.4 -
B. size of 
ballan 
wrasse§ 
Year, hours, 
fishers, 
scope, zone 
Gamma Log LC 597 9,159 9,162 34.1 35.1 14.5 20.8 -
Probability 
of b. 
Year Binomial Logit LC 597 966 - 4.8 - 5.1 - 0.65
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wrasse‡ 
P. of sea 
bass‡ 
Year Binomial Logit LC 179 859 - 2.2 - 4.5 - 0.61
P. of mullet‡ Year Binomial Logit LC 11 109 - 15.3 - 4.9 - 0.79
P. of b. 
wrasse‡ 
Year Binomial Logit LDC 5,116 7,476 - 2.3 - 9.8 - 0.60
P. of sea 
bass‡ 
Year Binomial Logit LDC 452 3,206 - 4.1 - 8.6 - 0.65
P. of white 
seabream‡ 
Year Binomial Logit LDC 726 4,458 - 3.9 - 7.6 - 0.62
P. of grey 
triggerfish‡ 
Year Binomial Logit LDC 214 1,687 - 11.9 - 5.3 - 0.78
Response variable and covariables of the fitted GAM with (W) and without (WO) interaction between Year and Zone for 
the number of fish caught per diver and championship, the weight of the LBSF per championship, and the relative catch 
probability of the LBSF per championship and per diver and championship, for the frequent species. The error and link 
structure, the database, the number of total observations and positive presences in the logistic models (N), Akaike’s 
information criterion (AIC), percentage of explained variance, degrees of freedom (df) and the area under the ROC curve 
(AUC) are shown. The models that did not show a significant effect over time were not included. A blank cell indicates a 
term not tested in the corresponding model. † Indicates overdispersion of the residuals; § residuals not normally 
distributed; ‡ models finally selected. 
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Table 2. Changes over time in each zone of the coastal fish abundances, overall body sizes 
and the body size of the ballan wrasse. 
 Zone 
Model 
Arousa  Cantábrico C. da Morte Ártabro Gulf  Vigo 
70 80 90 00  90 00 90 00 60 70 80 90 00  80 90 00 
Catch 
number 
-13.5 -14.5 -11.5 -49.8  -35.2 -39.5 19.1 -12.5 -19.1 43.1 -53.1 -33.0 -26.0  -22.6 -2.2 -39.2
Body size  -12.4 -13.0 -11.8  -13.6 -8.9 0.0 0.0 -2.0 -9.8 -13.9 -11.3 -4.8  -2.6 -5.2 -4.9
Body size 
of ballan 
wrasse 
  1.8 -6.1 -14.4   -1.9 9.3  0.0 0.0  6.7 4.3 -1.5 -8.3 11.3   17.5 2.6 17.3
The percentage of average change with respect to the previous decade estimated from the yearly predictions of each 
model is shown. 
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Figure 1. Map of the study area. The locations of the 864 championships held 
during the time series 1953-2007 are shown. The zones into which the area is 
divided are indicated (in brackets the percentage of the championships that 
were held there). The size of the point in the insets is related to the number of 
championships held at each location. 
 
Figure 2. Tendencies over time in the catch size, body size and catch 
frequency. The GAM estimates of the number of fish caught per diver and 
championship, the weight of the LBSF caught at each championship, and the 
weight of the LBS ballan wrasse caught at each championship in Arousa (A), 
Cantabrico (CA), Costa da Morte (CM), Ártabro Gulf (AG) and Vigo (V) are 
shown. The prediction and the standard error (dotted lines), fixing the 
quantitative covariables at their average and the qualitative variables at their 
most frequent level, are also shown. Finally, the GAM estimates of the relative 
catch probability of the LBSF per diver and championship (above) and for each 
championship (below) are represented. The annual prediction for the most 
frequent species (>0.25% of total) and the standard error (dotted lines) are 
shown. The species with maximum probabilities below 0.09 are not 
represented. Mullet ; grey triggerfish ; sea bass  ; white seabream ; 
ballan wrasse . 
 
 
 


